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- 15% (the previous value was 26%). Today, many well-known companies use deep learning. But the
classic and most popular way to use neural networks is through image processing. Consider how
CNNs are used to classify images.

Purpose. The task of image classification is to process the image and determine the class to
which it belongs (car, animal, etc.) or the group of classes that best characterize it.

Results. The article gives the basic concept and characteristics of convolutional neural
networks, describes the structure and mathematical approaches to the implementation of this type of
neural network. Provided description of the main layers of convolutional neural networks, mentioned
parameters that allow changing the process of training the network. The process of training each of
the neural network’s layer is considered in detail. In addition, described techniques that allow you to
increase the data set and improve the training process of the network only by several transformations.

Conclusion. The concept of convolutional neural networks, their connection with biology and
structure has been considered in the article. The main layers that are found in CNN are discussed in
detail, described their work through mathematics. Each of the layers is considered individually and in
conjunction with the other layers of the neural network.

Described how neural networks work and how to train them properly. Several approaches to
learning neural networks are discussed, as well as simple ways to solve common learning problems:
increasing the amount of data you need to train and using already trained networks as a base for
solving specialized tasks. Here are some options for changing your network's learning process.

The article discusses some of the most common tasks that are solved using convolutional neural
networks: classification, localization, detection, and segmentation.

Keywords: deep learning, machine vision, neural networks, face recognition, convolutional
neural networks, receptive fields, deep learning, neural networks, convolutional neural networks,
classification, localization, detection, segmentation, rectified linear units.
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Y cmammi posenswymo nowsmms niaaziamy, 6020 KIACUDIKAYIO mMA 302ATbHOBHCUBAHI
aneopummuy nROWYKy niaziamy, a came: Memoo i0eHmu@ikayiiHux Mimox, aieopumm Xeckena, memoo
BUPIBHIOBANHSL PAOKI6 MA Memoo HCADIOH020 PSOK06020 3aMiyeHHs. 3 PO36UMKOM MEXHON02I ma
MOJICTUBICMIO  BUKOPUCTHAHHA THMEPHemYy CmYyOeHm, He NPUKIAdaryu 0azamo 3YCuilb, MOdice
suoasamu mamepianu [Hwoi nepconu 3a ceoi. Tomy Oani memoou ma arOPuMMu YACMo
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BUKOPUCTHOBYIOMbCS 011 HOULYKY NAa2iamy y NpoSpamMHoOMy KoOi cmyodenmis. Memoio oanoi pobomu €
BUBHAYEHHS NOHAMMSA Nia2iamy, OnucauHs Kiacugixayii ma posensd memoodis i0eHmupikayiiHux
MIMOK, GUPIGHIOBANHSL PAOKIB, HCAOIOHO20 Pi0K08020 3amiwjenHs ma areopummy Xeckena. Taxooic
PO32NAHYMO NPocpamHe 3a0e3neyenHs ma catumu NOULYKy naaziamy.

Knrouoei cnosa: memoo ioenmupixayiinux mimok, areopumm Xecxena, mMemoo GUPiGHI08AHHS
PAOKIB, Memoo HcadibHO20 PAOK0BO20 3AMIULeHHS, 3A0a4a NOWLYKY niaziamy.

ITocranoBka nmpoodJeMu

Huni npu mBuaKoMy po3BUTKY 1HGOPMAIITHUX TEXHOJOTIH 1HTEIEKTyalIbHA BJIACHICTh
CTa€ ILIHHINIOI, aHDK paHime. bepyun 10 yBaru IBHUIKE 3pOCTaHHS OOCSTIB IILOTO BUAY
BJIACHOCTI, BHHHMKA€ IOTpeda y 3axXHCTI aBTOPCHKHX IIpaB IS TICPEBIPKHM aBTOPCTBA Ta
MOIYKY IUlariaTy. 3ajayda MOLIYKY Ta BUSBIEHHS (parMEHTIB MPOrpamMHOro Koy, 1o OyB
3aM03WYCHUN Y THIIOT JIIOJIMHU, 3JIMIIAETHCS OJHIEI0 3 HAWOUIBIN aKTyalbHUX, CKIQJHUX Ta
BAYKJIMBUX MPOOJIEM Ul BUKJIAauiB, 1110 HABYAIOTh IPOIPaMyBaHHIO.

Skmo JABlI mporpamMd  MarOTh ICTOTHY 3arajlbHy 4YacTHMHY (Ha pIBHI MOBH
[IpOrpaMyBaHHs), TO MOXXHA BBaXKaTH, II0 B OJHIA 3 HUX MICTUThCA IUIariaT; MpUUYOMY,
lariaTop Mo’K€ 3MIHUTH OpHIiHAJIbHY IporpaMy BCTaBKOIO JOJATKOBUX OIEpaTopiB
(cMHOHIMI3allll Ta BUKOHAHHS HECYTTEBUX Jiil), NepedMEeHyBaHHSM 3MIHHUX, 3MIHOIO
MOPSIIKY BUKOHAHHS HE3AJIEKHUX ONIEPAaTOPIB, PO3OUTTAM AeaKuX (QYHKIIN Ha JIB1 1 TaK Jai.

O06’exTOM AOCHIHKEHHS Y pOOOTI BUCTYIIATh AITOPUTMHU Ta METOAM IOIIYKY Ijariary.

Meto10 cTaTTi € po3riisi METOMIB IeHTU(IKALIMHUX MITOK, BUPIBHIOBAHHS DSIJIKIB,
XKaa10HOTO PAJIKOBOTO 3aMIIIEHHS aJTOPUTM XeCKea.

Buknan ocHoBHOro marepiany

1. [lnariaT Ta kaacudgikauis iioro TuMiB Ta BUAIB.

[Inariat - e NpoTU3aKOHHE BUKOPUCTAHHS POOOTH IHIIOT JTOAUHM Ta OIPUITIOJHEHHS 11
nig rpudom «BiacHoi» mpaui. [lnariarop — noauHa, sika NPUBIACHIOE YY1 Ipalli, podoTu
a00 YacTHHY POOTH MiJl BIACHUM IMEHEM, ITPUCBOIOIOUHN cOO1 iX aBTOPCTBO.

BiamoBinHo no [4], mnariaT — 1me OmnpwIOAHEHHS (OmMyONiKyBaHHS) TMOBHICTIO abo
Y4aCTKOBO YY)KOT'0 TBOPY i/l IMEHEM OCOOH, sIKa HE € aBTOPOM.

Haityacrime miariat 3ycTpiyaeTbesi y HAyKOBUX YU TBOPUYUX OKOJIaX, i€ BiOyBa€eThCs
MIPUCBOEHHS YY)KMX HAYKOBHX, TBOPYHX, XYI0KHIX TBOPIB TOILO.

Mertoro muiariaTy 4M Iulariatopa €, MepeBa)xHo, OakaHHsS CTaTU BIIOMUM Ta/abo
OTpUMATH NEBHY I'POILLIOBY BUHArOPOJ1y 3@ PaXyHOK IHILOT OCOOU.

3rigHo 3 [7], MeTa miariaTy HayKOBOT'O TBOPY — BUIIPaBAAHHS BUTPAYCHUX OFO/DKETHUX
KOIIITIB 200 KOIITIB 3aMOBHHKA MUISTXOM MPUBJIACHEHHS PE3YJbTATIB UYKO1 IHTEIEKTYaIbHO1
mparti.

BinnmoBigHO 10 ICTOPUYHMX AAHUX, IUIAriaT JIITEpaTypHUX TBOPIB ICHYBaB IlI€ B JaBHI
YacH.

VY choroseHH1, po3BUBaOYM H(OpPMaIliiiH1 TEXHOJIOTI, JIFOIMHA CTBOPIOE YC1 YMOBH ISt
LIBUJKOTO TOIIYKY IulariaTy. PaHime aBTopu He Malld MOKJIMBOCTI JII3HATHUCA HpPO TeE, L0
XTOCh BUKOPUCTOBYE iX poOOTY, ajie 3apa3 MPUXOBATH L€ — HEJErka 3ajaya: HalKuCaBIU Y
MOIIYKOBOMY PSIKY JIesIK1 KJIFOYOB1 ClI0OBa 3 poOOTH, SIKY aBTOP MIJO3PIOE Y 3al03UUYEHHSX,
MO>KHA 3HAUTH BIAMOBIIHOCTI 31 CBO€IO MPALCI0 Ta BUBHAYUTH CTYIIHb 3a1103UYEHb.

3 po3BUTKOM 1H(GOPMALIHHUX TEXHOJOIIH A0 BI3yaJlbHOIO NOLIYKY IJIariary LUIsIXOM
MOPIBHSIHHS JIBOX TBOPIB AOJAJIMCA MW TEXHIYHI 3acO0M, 110 MOJSATaloTh Yy aBTOMAaTUYHOMY
MOPIBHSIHHI TEKCTY 3 HIIUMH [7].

Icnye GaraTo pi3HMX TUIIB 1 BUAIB IuiariaTy. HailOuibl mommupeHi 3 HUX HABEJACHO Y
tabmuii 1 (BimmoBimHO 3 [5]).
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2. 3araJIbHOB:KMBaHi AJITOPUTMH NMOLIYKY IJIariaTy
Hapasi icHye pocuth OaraTo ajaropuTMiB MOIIYKY IUIariary, TOMY OIIMCaTH BCl
HeMoxauBo. OHaK, IEKUIbKA 3 HUX HaBEACH] HIKYE.

Taomums 1

3a HASIBHICTIO YMMCJIY:

Henasmucnuii nnaciam — y pa3i HE3HaHHS
BHMOT, SIKMM TIOBHHHA BIANOBIIATH poOOTAa.

Haemucnuu naaciam.

3a hopMoOI0 BiITBOpPEHHSI:

Hpsamuii  (8iokpumuit) naaciam npsiMe
BIITBOPEHHS (BIIOOPaXKEHHS) UYKOTO TBOPY
a00 Horo 4acTHUHH I CBOIM IMEHEM.

3asyanvosanuii niaziam — 3a yMOB, SIKIIO
TEKCT TBOpPY 3a3HAa€ HECYTTEBUX 3MIH
LUIIXOM 3aMIHM OKpEMHX CJIIB Ta BUPA3iB iX
CHHOHIMIYHUMHU aHanoramu. llpm 1BOMY
(dhopma B IIUIOMY HE 3MIHIOETHCHI.

3a HAABHICTIO

BKa3iBKM JIKepeJia:

3ano3uuennsa de3 6xazieku oxcepena:
“npumapnuti  aeémop” aBTOp BHJAE
BHKOHAHY 1HIIOO JIIOAMHOIO POOOTY 3a CBOIO,
HE 3MIHIOIOYH ii 3MICT;

“pomoxkonisn” aBTOpP KOITIOE 3HAYHY
YaCTUHY TEKCTY (aje He BECh TEKCT) 3 OJHOI0
JpKepena, He BHOCSYH JI0 HhOTO 3MiH,;
“wampanue na enyunuu mamepian”
pobuthcsi  crmpoba  mpuUxoBaTH  IUIariaT
LUIIXOM KOIIIOBaHHS 3 JEKUIBKOX PI3HUX
IDKEpeTl, TEKCT SKUX HE 3MIHIOEThCS, alle
aBTOp IMuIIe CBOi MepexigHi ¢pasu MK
JaCTUHAMH TECTY;

“nocane mackyeanHs” — 3aJIUINAETHCA 3MICT
TEKCTY JpKepena, aje ekl (popmysatoBaHHA
3aMIHIOIOTLCS;

“npaysa  nini” TPYJOMICTKHA Tpouec, y
pe3ynabTaTi sSKOro 1HQopmamisi 3 PpI3HHX
JOKEpe MIPAaKTHUYHO MTOBHICTIO
nepepa3oByETbCs, TMHIIETECI B OJHOMY
CTHIIL;

“éxkpae y cebe” — mependavae 3amo3MUEHHS
TEKCTY 3 BJIACHUX, OUTBIII paHHIX POOIT.

3ano3zuuennsa 3 éKaziekoro dxcepena:
“3abyme nocunanua’” ta ‘“Odezinghopmamop”

— [OB’s3aHI 3  HENpaBWIbHUM  abo
MOMMJIKOBHM O(OPMIICHHSIM TIOCHJIaHb Ha
TDKEPETo;

“3anaomo ideanvne nepegppazysanna’ —

SKIIO JOCJTIBHA IMTAaTa HE B35Ta B JIAIKH.
TakuM YuHOM, Yy 4MTaya CTBOPIOETHCA
HEBIpHE Bpa)X€HHS IPO Te€, 10 aBTOpP HaBIB
CBOIO OpPUT'IHAIbHY IHTEpPIPETALliIO MOTJIAIB,
BUKJIAJICHUX Y JDKEpei;

“iOeanvruti zno4yun’” BUMHSETHCS, KOJIHU
aBTOp MPaBWJIbHO HABOAMUTH JIESAK1 LIUTATH, A
pemty miepedpasye. Y pesyibTaTi 4YATAd
MIOMWJIKOBO JyMae, 10 Iepedpa3oBaHUid
TEKCT € aBTOPCHKUM aHAJII30M IUTOBaHUM
AYMOK;

“pacue yumyeanna” abo0 KomninAyis
BIIOYBa€ThCSA 3 JIOTPUMAHHSAM YCIX IpPaBHII
LUTYBaHHA Ta nepedpasyBaHHs, aie polOoTa
MPaKTUYHO HE  MICTUTh  OPHUTIHAIBHUX
pe3yJbTaTIiB aBTOPCHKOTO JOCIIIKEHHS.

IDicepeno: BiAMOBIIHO 10 [S]

Huxde po3rasiHyTo okpemi, HAOUIbII MOIIUPEH], aITOPUTMH MOIIYKY IJIariary.

MeToa kagi0HOro psiAKOBOIO 3aMillleHHS

Biamosinno mo [3], mpuitmae Ha BXO/Ii
3arajbHUX HENEePEeCIYHUX MiAPAAKIB.

JIBa PSAKU, a Ha BUXOJl MoBeprae Hablp ix

Hexaii P 1 T — ToKeHI30BaHe IPEICTaBICHHS TOPIBHIOBAHUX ITPOrPaM.
[Tepma ¢aza meroxay. lllykaemo makcumalibHi criibHI TiApAaAKd P 1 T, sKi He BIAMIYEH1
(cmoyatKy anropuTMy BCl €JIEMEHTH HemomidueHi). s 1mboro BHUKOPUCTOBYIOTHCA TpPH

BKJIQJICHUX LHKJIM: TEpPIIUi mpodirae 1o
MakcuMalbHuil npedikc B P, 1 7;.

P, npyruii mo 7T, a TpeTii 3HaXOIUTh
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[ToTim BimOyBa€eThCS COPTYBAHHS:

— SKIIO maxmatch MEHIle — BUJAISETHCS 31 CIIUCKY 3arajbHUX MIAPSAKIB matches Bce 1O
LbOTO J0JaHE 1 HOMIIAETHCS TYAU 3HalieHul npedikc;

— KO maxmatch OUIbIIIE — HIYOTO HE 3MIHIOETHCS

— SKILO pIBHI — 10Ja€eThes HalOubmuil npedikc P, 1 7; 1o cnucky matches.

Jlpyra dasa merosy. MueMo 1o crmcky, sIKIIO NOTOYHMIT e1eMEHT CIUCKY — HiPSIOK,
KU HE MICTUTh NOMIYEHHMX €JIEMEHTIB, TO 3alUCYeEMO y KiHIEBUH tiles Ta momiyaemMo Bci
€JIEMEHTHU PO3IJISIHYTOTO PSAIKa, 0 BXOAATH A0 P 1 7. SIKIIo X AOBXKUHA PSAKIB Y maxmatch
Outbiia 3a MinimumMatchLength, To moBepTaEMocs 10 nepuioi ¢gasu.

[IceBmokon anroputmy HaBeaeHo namti [3]:

Greedy-String-Tiling(String P, String T) {
tiles = {};
do {
maxmatch = MinimumMatchLength;
Forall unmarked tokens P, in P {
Forall unmarked tokens Ty in T {
J=0;
while (P,+) == Ti+j) && unmarked(P,+j) && unmarked(T+))
Jt
if (j == maxmatch) {
matches = matches U match(p, t, j);
} else if (j > maxmatch) {
matches = {match(p, t, j)};
maxmatch = j;
}
}
}

Forall match(p, t, maxmatch) € matches {
if (not occluded) {
for j=0...(maxmatch — 1) {
mark(Pp+j);
mark(T¢j);
}
tiles = tiles U matches(a, b, maxmatch);
}

}
+ while (maxmatch > MinimumMatchLength);
return tiles;

}

VY nanomy MeTO/1i BUKOPHUCTOBYETHCS KiJIbKa €BPUCTHK:
— JIOBIIl TOCIIIOBHI 30irW Kpaiil, HDK Hallp MEHIIUX 1 HEMOCTIIOBHUX, HE3aJIeKHO BiJ
CYMH JIOBKMHH OCTaHHBOTO;

— ITHOPYIOThCS 301rU, JOBXMHHU SKUX MEHIII 3a IEBHE 3HAYEHHS MOPOTY.

[li eBpUCTHKM CHPHUSAIOTH BTpPaTI ONTHUMAIHHOTO 3aMIIIEHHS, IPOTE pPE3yabTaTh
BUKOHAHHS pOOOTH METOy Ay»e OJU3bKi 10 HOTO JUIsl BUSIBJICHHS IJIariaTy.
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ACHMIITOTHKA y Haripmoro Bumaaky — O(n’), ane Ha npakThIi Haitdacrime — O(n’), e
n — NOBXXKUHA PAIKA, Y AKY IIEPEBOIATH MPOrpaMy, BUKOPUCTOBYIOUH TOKEHI30BaHE MOIAaHHS.

Meton BUpiBHIOBaHHS PSJIKIB

Hexaii € nBa ¢aitnin mporpaMHOro Kojay, IPEICTaBICHMX Y BUIVIAAI TOKEHI30BAHMUX
PAAKIB S 1 ¢ BIAMOBITHO (MOXJIMBO, PI3HOI NOBXKHHM). Temep MOXHA BUKOPUCTATH METO]
JIOKaJIbHOTO BUPIBHIOBAHHS PAJKIB, po3poOsieHuil uisi Bu3HaueHHa mnonionocti JJHK.
BupiBHIOBaHHSI BUKOHY€ETBHCS 32 TOTIOMOI'OI0 BCTaBKU IMPOITYCKIB Tak, U[00 JOBXHUHU PSAKIB
cTanu piBHUMHU. IcHye Oarato BapiaHTIiB BHPIBHIOBaHb ABOX psAAKiB. Hampuxman, 1uist psakis
"masters" 1 "stars" LUIKOM JOMYyCTHME HACTYIIHE BUPIBHIOBAHHS:

masters masters
sta 1S stars

Temnep Hexaii, s 1 ¢ micyis BUPIBHIOBAHHS, BIAMOBITHO s 1¢ . Po3rasHeMo s; 1 ¢;; BapTICTh
ix 301iry — m, BapTICTh NPOMYCKY — g, BapTICTh pO301KHOCTI — d, e m, d 1 g — NOBUIbHI YHCIIA.
Ilina BUpIBHIOBAaHHS — ILi¢ CyMa BapToCTel ycix map s, i f/, MakcMMajbHE 3HA4YCHHS L€l
nUIb0BOT QYHKIT st BCIX 4, j (I < j < |s’| = |t’|) y paakax s’[i..j] i t’[i.j] — po3mip
BUpIBHIOBaHHS. Skmo m = 1, d =-11g = -2, Toni "rs/rs" Ta "sters/stars" — ¢pparMeHTH psAKIB
3 MakCUMaJbHUM 3HadeHHSIM LuIboBOI (yHkuii. Toxl miHa ix BupiBHIOBaHb -2 1 3. BoHa
BIIMIOBI/Ia€ pEMAKIIAHIMA BIACTaHI 1 BUKOPUCTOBYETHCA [UJII BH3HAYEHHS BIICTaHI MIK
CXO0KMMHM 00’€KTaMM, a TaKOX YCIIIIHO BHUKOPHUCTOBYETHCS Ul BU3HAYEHHS HETOYHOCTI
JIHK y o6uucnioBanbHii 610J10T1ii .

OnTuManbHe BUPIBHIOBAHHS — II€ TaKe MaKCUMalbHE 3HAYCHHS IIUThOBOT QYHKIIIT cepent
yCiX BUPIBHIOBaHb, SIKE MOXKHA 00paxyBaTH 3a JONOMOTOI0 JWHAMIYHOI'O IPOrpaMyBaHHS.
Hexaii s ta t — psaaku, D(i, j) — ontumanbHe BupiBHIOBaHHA s/ 1..i] 1¢/1..j]. HeoOximHO 3HANTH
max <i<s|,1<j<1(D(i, j)). Busnaunmo

n,if slil = tlj]

score(sli], tiD = d, else

HacrymnHe pexypeHTHE CHIBBITHOIICHHS T03BOJISIE HAM 3HAWTH HEOOX1HE ONMTHMAJIbHE
BHUPIBHIOBAHHS

D — 1.] — 1) 4 score(sli], t[jD
DG-1.)+yg
DG,j—1)+ g

0

DG, )=

I'pannyni ymoBu 3ajatoThesi cuiBBimHOmeHHAMu D(0, i) = 0 1 D@, 0) = 0. Inmi
eJIeMEeHTH MaTpuli D OOUUCIIOIThCA MPU IPOXOJl 3J1iBa HampaBo 1 3ropu AoHu3y. lle
MOXJIMBO, OCKUIbkU D(i, j) 3anexuts Bin D(i-1, j-1), D(i-1, j) 1 D(i, j-1). Yac oOuucneHus
ontuManabHOro BUpiBHIOBaHHA — O(]s||¢|); Butpatu nmam’ari — O(max(|s|, |t|)), ToMy O 115
00uMCIIeHHs HeOOX1/IH1 JIUIIE ABa PAIKU.

BukopucranHs Meroay BUIUIsIa€ TNPUOIU3HO TaK: OTPUMYEMO TOKEHI30BaHE
MIPEJICTaBJICHHS p; 1 p2 IBOX IpOrpam, AUTUMO JPYTUH PSIIOK pr HA MIAPAJKU, KOXKEH 3 SIKHX
IIpeJICTaBiIsieE MOYJIb BUXITHOT IporpaMu. J[jisi KOXKHOTO migpsiiKa 1 p; OTPUMY€EMO 3HAUEHHS
ONTUMAJILHOTO JIOKAJIbHOIO BHpIBHIOBaHHS. lle 103Bojsie MeTOAy KOPEKTHO 0OpoOIsSTH
IepecTaHOBKHU MOAYJIIB BUXITHOT IPOTrpamH.

’
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IlepeBaru Ta HeAOJIKHU

SIkmo posrasgatv peanizalilo aaropuTMy, BHUKOPHUCTOBYBaHY jaerekropoM SIM, —
HIIKMX TOKpAIleHb MOPIBHSAHO 3 IHIIMMH aIrOpUTMaMU HE OTPUMYETbCS, 30Kpema, Ha 0asi
LbOTO AJITOPUTMY HE MOXHA OpPraHi3yBaTU 0a3y JaHUX, sIKa MPUCKOPIOE MEPEBIPKY OOUH-
npomu-ecix. OIHaK, 3aCTOCYBaHHS aJTOPUTMY JI0 TOKEHI3allli IPOrpaMHOT0 KOy y HalIOMY
PO3yMiHHI, MOJKJIMBO, JO3BOJUTh OTPUMATH XOPOIIl pe3yabTaTH, L0 HamMu Oyne
MIPOBOJUTHCH Y MOJAIIBILIOMY.

Metoa ineHTH(iKaiHHUX MITOK

3rigHo [9], mig yac nepeBipKU Ha IuiariaT HeoOX1ITHO 3HaWTH KOMii UM (hparMeHTH KOIIiil
y TeKCTOBI 0a3i. Y TakoMy BUIIaJIKy Oe31ocepe/iHe NOPIBHIAHHS (PailiiB € Hee(hEeKTUBHUM.

Meton igeHTH(IKAIHHUX MITOK J03BOJISIE TEPETBOPUTH (aill y OUIbII KOPOTKY
MOCIIZOBHICTD: (Paiisl 3icTaBiseTbCs 3 HA0OM 11eHTU(DIKALIHHUX MITOK.

Hexaii naHo OBUIbHUIN TEKCT:

abracadabra (cxknanaerbes 3 11 cumBoniB; m = 11).

Posrisinemo Habip MITOK 1St paiiny Ha JaHOMY NPUKJIIA/IL.
k-rpamoM Ha3uBaeTbCs TIpyna Oyab-SKUX Kk CHUMBOJIB PO3TAlIOBAaHUX HIAPALI.
[ToGymyemo k-rpamu ajist IpUKIAAy P, HAPHUKIAL, k = 3:

abr, bra, rak, aka, kad, ada, dab, abr, bra

KinpkicTb k-rpamis, siki MOKHa MOOYAYBaTH AJIsl TEKCTY JOBXKHUHHU 71, IO3HAUUMO 71:

n=(m-(0o-1)) (tyrn=29).

[IpoBenemo xemryBaHHsI ycix A-TpamiB. [[isi maHOro MpUKIIaMy MOCTIAOBHICTH XEIII-
3Ha4eHb Oyxae Takoro: 12, 35, 78, 3, 26, 48, 55, 12, 35.

BukopucranHs ycix 3HaueHb HepalioHalbHE, TOMY BUOHMpPAETHCS HEBEIMKA iX
KUIbKicTh. OOpaHi Xell-3Hau€HHsl CTaloTh MEHIIMMH Qaitnamu. OKpiM MITKH 30€piraerbcs
TakoX 1H(opMalis Npo Te, 10 SIKOro (ailly BOHa HAJIEKUTh. SIKIO Xem-(QyHKIs Aae€ Maly
HWMOBIPHICTb KOJII31H, TO OJJHAKOBI MITKH y HaOopax ABOX (pailiiiB cBiIUaTh PO Te, IO Yy HUX
€ CIUIbHUI (parMeHT, a 3a KUIbKICTIO CIUIBHUX MITOK MOXHa TOBOPUTH IIPO CXOXKICTb
¢aiinis.

IlepeBaru meroay:
— MOJKHa CTBOPUTH 0a3y aHUX JUIsl IEPEBIPKY 0OUH-NPOMU-BCIX;
— IUIIOCHU TOKEHI30BaHOTO MPEICTABIICHHS;
— CHUIbHI NIJPSAJKH, K1 MEHII1 IEBHOTO MOPOTY, ITHOPYIOTHCS;
— METOJ HeUYTJIMBUH JI0 TepeMillieHHsT (PparMeHTIB KOIy.

Henonikm:
— MOXJIHBICTh 30I'y TOKEHI30BAHOTO IPEICTABJICHHS MPOTpaM, aje€ BiICYTHICTh 30iry y
MMOYAaTKOBHX KOJIaX IMPOTPaM.

AJaroputMm XeckeJa

Posrnsinemo anroputwm, onmcanuii y [9].

Hexaii maemo 1Ba mporpaMHuX KOJH, SIKI MOJAH1 y BUIVIAMI CHUCKY TOKEHIB a 1 b
BIANOBIAHO. OHUM 3 KpUTEPIiB MOAIOHOCTI BBAXKAETHCS JOBXKUHA HAUOINILULO20 CNITbHO20
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niopsioka. Mu 3aBXI1 MaeMO 3MOTY 3HAWTH Takuil enemMeHT psaaka a;, mo H3II (Haitbuipma
3arajgbHa (CIUIbHA) MIAMOCIIIOBHICTB) PAIKIB Ag=a|qdq -1 ... aia; ... ai; 1 b Oyne MeHIo
(moHnaiioutbie — y 2 pasu), anik H3II (a, b) (sxmo H3II (a, b) > 1). 11lo6 yHuKHYTH 1IHOTO,
CKOPHUCTAEMOCS aJITOPUTMOM XecKena, KU BUMarae KuUIbKOX NMPOXOAIB MO LHUKIAX 1 MpHU
LIbOMY BUKOHY€ThCS 3a JIHIHHUN Yac. Po3kiagemo a 1 b Ha k-rpamu. 3Haiinemo B a 1 b Ti k-
rpaMy, SIKI 3yCTpI4alOThCS JIMIIE OJIUH pa3. st KoXHOI mapu nepeBipseMO, Yd €IeMEHTU
PAIKIB CXO1 3 TUMH, 110 3HAXOIATHCS 0 HUX; AKIIO TaK, TO MOBTOPIOEMO Ti K Aii /IS HUX 1
TaK Jajli, TOKK HE 3HAWIEThCA PO30LKHICTh. AHAJIOTIYHO AJIA PAIKIB, SK1 JekaTh aaimi. Y
pe3yabTaTi, OTPUMYEThCS HAOip CHINBHMX MiAPSAAKIB @ 1 b, MO He TepeTHHAIOTHCA. IX
3arajbHa JOBXHMHA Oy/e IHTEPHPETyBaTUCh SIK MOMIOHICTh ITporpam, 10 BiAMNOBIIAOTh a 1 b.

bepyan no yBarm momane y [2], MOXHA HaBECTH HACTYIHI MPHUKIAIWA TepeBar 1
HEJIOJTIKIB IIbOTO METO/TY.

IlepeBarm:
— JIHIAHA 3aJIeKHICTh pOOOTH METOY Bill 4acy.

Hepnoutikn:
— MOXJIMBICTh 30y TOKEHI30BAaHOTO MPEACTABIIEHHS Mporpam, ajie BIICYTHICTh 30iry Yy
MOYAaTKOBUX KOJIaX Mporpam;
— MaJla KUIbKICTh YHIKaJIbHUX k-rpaMiB y BEeIUKUX (aiinax;
— BcTaBKa B Ojok a00 3MiHa Ha €KBIBaJIGHTHUH oreparop y OUIbLIOCTI BUNAAKIB Oyle
MIPUBOJIUTH JI0 MPOIYCKY II1€] YaCTHHU OJIOKY;
— HE MOJKHA CTBOPUTH 0a3y AaHUX JUId NEPEBIPKY 0OUH-NPOMU-BCIX.

3. Orasig nporpamMHoro 3aée3neyeHHsl Ta CAWTIB MOLIYKY Iuariaty

SKmo po3rasaath catu, SKI NpU3HAuYEH1 A MOLIYKY IulariaTy, MOKHa BUAUTUTH
HACTYIHI.

Turnitin ~ (http://submit.ac.uk/) — caWT mnepeBipsie poOOTYy HAa  YHIKAJIBHICTH,
BUKOPHUCTOBYIOUM 0a3y JaHMX PI3HUX pOOIT (aBTOPCHKUX, AUIJIOMHHMX TOIIO). SIKIIO K Takoi
po6oTu He Oyno 3HalaeHo y 06a31, TO cUCTeMa JIONMOBHIOE CBOO 6a3y UM Qaitiom. [5]

AntiPlagiat.ru (http://www.antiplagiat.ru) — 4umoch cxoxuit Ha Turnitinw, aie Ha
IIbOMY pPECypCl 3apeecTpyBaTUCh MOJKE SIK BUKJIAJad, TaK 1 CTyIEHT (100 KOPUCTYBATHCS
BCIMHM MO>KJIMBOCTSIMH, HEOOXITHO KYITUTH TUIATHUM aKKayHT).

Unplag — nomyk miariaTy MOXJIMBUM SIK y peXUMI peajJbHOro dacy, Tak 1 1o 0Oasi
JaHUX, Y K1 30epekeH0 BEIMKY KUIbKICTh JOKYMEHTIB; npaitoe 3 Canvas, Sakai, Moodle.

Www.miratools.ru — 103BOJIA€ 3[IMCHIOBATH OHJIAWH-NIEPEBIPKY TEKCTY Ha IUIariar.
Cucrema BUKOPUCTOBYE Pe3yJbTaTH BUAAU1 OLTYKOBUX CUCTEM.

WWW.istio.com — 3J1MCHIOE TEPEeBIPKY TEKCTY Ha YHIKAJIbHICTh 3 BUKOPHCTAHHSIM
cucrem Annexkc. XML 1 Yahoo.com.

Plagiatinform — nepeBipsie TEKCTH Ha YHIKAJIbHICTh y BJIacH1 6a3i Ta y Intepueri. Caiit
MOXK€ 3HAXOJUTH HE YHIKaJbHI ()parMeHTU TEKCTY Yy BHUIVIAJI TEKCTIB, JIe «IepeMilllaHi»
(dbparMeHTH TEKCTY KUIbKOX JUKEepe.

Copyscape — n03BOJIsSi€ IIyKAaTH KOMIil CalTIB y Mepexi [HTepHeT; moBepTae CHHCOK
CaMTIB, JIe MOXKJIMBHH 30ir; BuKopucToBYe cuctemu Google 1 Yahoo!

http://plagiarisma.net/ — BeO-caliT, 3a TOIIOMOTOIO SKOI'O MOX€E IIPOBOJAUTHUCH MEPEBIPKa
TEKCTY KypCOBHUX, KBai(iKallIHHUX Ta MaricTepchbKux poOiT; BUKopucToBye cuctemu Google
Ta Bing.

Skmo x, OpaTu 10 yBaru MporpaMHe 3a0e3MeUeHHs, NpPU3HAuYEHE JUIsl IMEePEeBIPKU
TEKCTY Ha YHIKaJbHICTh 1 JOCTYIHE SK BUKJIaJayaM, TaK 1 CTyJIEHTaM, TO MO)KHa BKa3aTH
HacTymHi [5]:
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Advego Plagiatus (http://advego.ru/plagiatus/);
Etxt Aumunnacuam (http://www.etxt.ru/antiplagiat/);
Anti-Plagiarism (http://ikc2.tup.km.ua/index_ru.shtml).

PosrisiHemMo kokHY nporpamy oKpemo.

1. Advego Plagiatus — nporpama, sika nykae B [HTepHeTi pparmeHTr abo MOBHI Kol
TEKCTy; Ma€ 3py4HHI Ta NpOCTUH iHTepdeiic. Pe3yapTar poOOTH — BIICOTOK YHIKAIBHOCTI
TEKCTYy Ta BIICOTOK 30iry Tekcty. Tako)X HaJae CHHCOK JDKepel TEKCTy, e Oyl B3ATi

¢dparmenTu (puc. 1). [5]
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2. Etxt Aumunaaeiam — iporpama, pu3HaYeHa YISl TIEPEBIPKU TEKCTY YU TOKYMEHTY Ha
VHIKaQIbHICTh. Halae MOXJIMBICTH TMPOBECTH MOPIBHSIBLHUN aHa3 (QparMeHTIB BIACHOTO

TEKCTY Ha 3HalACHUX JuKepenax (puc. 2). [8]
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Anti-Plagiarism — nporpamMa, npu3HaueHa JJis BUSBJICHHA 1 3ano0iranns miariary. Lle
e(eKTUBHUN IHCTPYMEHT 1151 00pOTHOM 3 KOMioBaHHAM iHpopMallii 3 BeOy (puc. 3). [5]
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BucHoBxku

VY cTarTi po3riIHYTO OKpeMi METOJM Ta aJrOpPUTMHU IMOLIYKY IUIariatry, a came: MEeTO[
1IeHTU(]IKAIITHUX MITOK, aJIropuTM XecKeia, METOJl BHUPIBHIOBAHHS pAAKIB, METOJ
XKaa10HOrO PsIIKOBOTO 3aMinieHHs. [IpeacraBieHo 3arajgbHUM ONMUC KOXKHOIO 3 METOMIB Ta
anroputMiB. KoxeH 3 HUX NOTEHUIITHO MOoXe OyTH BUKOPUCTAHUM JUIsl BUSBIICHHS IUIariaty y
nporpaMHoMy kojii. OfHaK, Npu BUKOPUCTaHHI TOKEHI30BAHOTO MOJAHHS KOJAY IPOrpaMu yci
PO3IJIIHYT1 aNrOPUTMH MAlOTh TOJOBHMM HEIOJIK: MOKJIMBI 30IrM  TOKEHI30BAaHOTO
MIpeJICTaBJICHHS POTpaMm MpH BIICYTHOCTI 301y y MOYaTKOBUX IIporpamax.

Ha ocHoOBI mojpaHoro y crarrti MoHa CTBEpIKyBaTH, L0 Hapa3l (aKTUYHO HEMae
SIKOTOCh OJHOTO 3arajlbHONMPUIHATOTO YHIBEPCAIBHOTO CIocoOy, sKui MoOkHa Oyno O
BUKOPUCTOBYBATH JJIsl PO3B’SI3aHHA 3a/1adl MOILIYKY IJIariaty y nporpamHoMmy kozi. Tomy y
MOAATBIIOMY HaMu OyJie MPOBOAUTUCH poO0Ta Mo MoAMDIKAlil ICHYIOUMX aJITOPUTMIB s

ajanranii iX 10 po3B’sA3aHHA 3a7adyl aHali3y BUXIAHOIO KOJAY IpOrpaM Ha HasBHICTh
3aIl03UYEHb.
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PECULIARITIES OF WORK OF PLAGIATE SEARCH ALGORITHMS IN SOFTWARE

Summary. Introduction. In recent years, students are increasingly practicing the assignment of
other people's works and giving them for their own. All this is due to the development of computer
technology and the possibility of using the Internet. The student without putting a lot of effort copies
someone else's program code, and brings it to the teacher as his own.

There are quite a few algorithms to detect plagiarism in the works of students.

The most common algorithms and methods that can cope with this task are the methods of
identification labels, string alignment, greedy string substitution, Heskel algorithm. Each of these
algorithms has its advantages and disadvantages. The main advantages of these algorithms are that
they all have a linear dependence of the method on time and work with tokenized representation of the
program code, which makes the task of checking for plagiarism much easier.

Purpose. The purpose of this paper is to define what plagiarism is and its classification, review
existing software and sites that are capable of checking text for uniqueness and review methods of
identification labels, string alignment, greedy string substitution Heskel algorithm

Results. At the beginning of the analysis of the topic of this article, there was a problem, and
all-so what can be considered as plagiarism of software code. Then there are fair questions:

—  how different programs must be for one of them to be considered plagiarism;
— what can be cited as evidence to be sufficient for plagiarism.

The paper considers various methods and algorithms for plagiarism search in the software

code, namely the method of identification labels, the Heskel algorithm, the method of string alignment,
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the method of greedy string tiling. A general description of each of the methods and algorithms is
presented. Each of them is able to detect plagiarism in the program code, but because of their
tokenized representation, they all have one common disadvantage: the main drawback of all these
methods is that the tokenized representation of programs may match, but there is no coincidence in the
initial codes of programs.

Conclusion. Taking into account what was said above about the algorithms and methods of
plagiarism detection, we can conclude that now there is actually no one universally accepted
universal way that could cope with the task of finding plagiarism in the software code, a way that
would not be subject to time. In the future, we will develop a method for searching for plagiarism in
program code based on tokenization of source programs.
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